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ENERGY TRANSITION ,
IN TIMES OF CRISES
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German Council of Economic Experts (GCEE)
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ENERGY CRISIS e e

of Economic Experts

Historically high gas and electricity prices — avoiding gas shortage & cushioning the burden

Price increases particularly high for gas Fast expansion of renewables is an important building block
for limitting energy price increases in the medium term
€/MWh
350 1 US dollars per MWh
900 H
300 A 800 -
250 A 700 A
600 A
200 A 500 A
150 - | 400 r \_/\
' 300 A
50 - =7 T 100 - SQ =
K, o= - /M O T T T T T T T T T T 1
0 | — T T T T ! 2022 2024 2026 2028 2030 2032
2019 2020 2021 2022 2023 2024 — Germany Portugal — Scandinavian
— Europe (EGIX THE) -= Futures prices countries
Northeast Asia (JKM) Futures prices B Bg';ed Kingdom — Australia Japan

USA (Henry Hub) Futures prices

Sources: EEX, EIA, ICE, NYMEX, Refinitiv Datastream, own calculations
© Sachverstandigenrat | 22-322-05




PROPOSED INTERVENTIONS IN THE (ELECTRICITY) =mmmme

GERMAN COUNCIL

MARKET DESIGN (seLection) oforomic et

N Multiple proposals N Interventions in the electricity market design
likely worsen the situation
1)  Price caps for gas used for electricity N Price caps increase the incentive to consume
production electricity or gas

N Separation of the markets for technologies
with high and low marginal costs not possible
without severe interventions (reason: trade

3)  Tax on windfall profits beyond the power exchange, long term

contracts, imports/exports)

2) Different markets for technologies with
high and low marginal costs

4 Price cap for gas & electricit
) P 8 y N If measures have to be taken, then taxation of

inframarginal technologies least harmful -
Consequences of the proposals are manifold: but revenues might be low

N Tax the revenue from inframarginal electricity
production whenever gas-fired power plants
are marginal

Grimm/Ockenfels/Z6ttl (2008)
Hirth/Maurer/Schlecht (2022)
Eicke/Hirth/Maurer/Muhlenpfordt/Schlecht (2022)
Ockenfels (2022)



https://link.springer.com/content/pdf/10.1007/s12398-008-0020-7.pdf
https://www.euractiv.com/section/electricity/opinion/the-greek-market-design-proposal-would-be-the-end-of-electricity-markets-as-we-know-them/
https://cepr.org/voxeu/columns/iberian-electricity-market-intervention-does-not-work-europe
https://www.wirtschaftsdienst.eu/inhalt/jahr/2022/heft/10/beitrag/optionen-und-herausforderungen-fuer-ein-neues-strommarktdesign-in-der-krise.html

PROPOSAL OF THE

o
GERMAN COUNCIL

GERMAN EXPERT COMISSION ON GAS AND HEAT "~

Increase gas supply and reduce demand:

N Joint gas procurement in Europe

N increase electricity generation capacities in
Germany in the short term

N reduce the need for gas-fired power
generation.

N expansion of renewable energies

N gas savings of at least 20 percent by better
informing consumers and by financial
bonuses (savings premiums).

N transformative steps that save gas in the
short term

»GAS PRICE BRAKE*®:

Household and small businesses:

N the state is to take over the entire
payment in December.

N from March 2023: cost is reduced to 12
ct/kWh for 80% of historial consumption
level or equivalent (no reduction to pre-
crisis levels).

Big industrial customers:

N, Gas price brake® from 1st Jan. Cost of
70% of past consumption is reduced to
7ct/kWh (excluding network fees,
subsidies subject to state aid law), opt in,
Conditional on site perservation.

Special fund for hardship cases
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NECESSARY GAS SAVINGS IN THE EU i coona
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Uncertainty about future energy supply remains high - gas savings are crucial

Estimated gas balance in the EU from 1. February until 30. Gas storage levels in the EU (McWilliams et al., 2023)
September 2023 (McWilliams et al., 2023)
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PRICE-DRIVEN GAS SAVINGS

o
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Industrial customers, commercial customers and households contribute to gas savings

Change in natural gas demand by European
Union member state, 2022 vs 2021

o
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» Other @ Spain France @ ltaly Germany Netherlands & Finland

Estimated drivers of change in natural gas demand in
power, buildings and industry in the European Union,

2022 versus 2021
bcm
40 30 20 10 0 10 20 30 40
Power

Buildings

Industry
IEA. Licence: CC BY 4.0

Production curtailment Fuel switching Efficiency Other avoided demand
Weather Behaviour and fuel switching Efficiency More renewables
Less hydro Less nuclear More coal Other avoided demand

Source: IEA at https://www.iea.org/commentaries/europe-s-energy-crisis-what-factors-drove-the-record-fall-in-natural-gas-demand-in-2022

GERMAN COUNCIL



https://www.iea.org/commentaries/europe-s-energy-crisis-what-factors-drove-the-record-fall-in-natural-gas-demand-in-2022
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EXPANSION OF ENERGY SUPPLY e Tounc
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Expansion of renewables and substitution away from Russian gas.

Accelerated expansion of renewables requires extension of
eligible areas for renewables and accelerated permitting

GW Expansion in the

450 next eight years:
232 GW
400 FECRrt SEERREREE .
350 :
300
250 - xpansion in the pa
eight years: 52 GW

200 A N L "
150

]

]

I
100 :

50 ; AESS & nl

, NN NNENEEE il

1111211314151 6171819202 1ull 24262830

22
Installed power Expansion
paths
B Wind energy = Wind energy ™ Solar
on land offshore radiation

Sources: Bundesnetzagentur, Federal Government, own calculations
© Sachverstandigenrat | 22-357-01

Origin of German gas imports (in TWh)

in Terawattstunde Heizwert

TWh Hu
0 Belgien 19
18 Niederlande 25
12 Norwegen 37
99 Russland 0
2 Sonstige 5
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HANDELSBLATT Quellen: Prognos, Entsog, Eurostat
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EXPANSION OF H2-READY POWER PLANTS  ==mmma

GERMAN COUNCIL
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20-30 GW generation capacity and climate friendly hydrogen are needed until 2030

Previous expectation
(until 2021):

Renewables Conventional Capacity

If RE had been added on
the basis of national
expansion plans, coal-fired
power plants would have
been almost completely
replaced by gas-fired power
plants.
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(Lignite completely
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low full load hours).
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/// B Steinkohle Egerer, J., V. Grimm, L. M. Lang, U.
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CUSHIONING THE BURDEN FOR HOUSEHOLDS AND FIRMS e e

GERMAN COUNCIL
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Particularly gas customers faced high uncertainty and a potentially high additional cost burden

Particularly high burden for gas Gas prices reached consumers with a delay
customers (here: households)
4-Personen-Haushalt: 2 Erwachsene und 2 Kinder 1-Personen-Haushalt EUFO/ kWh
0,45 -
4500 1
0,40 -
40001
g 35001 073 5 -
g 3000 0,30 -
0,25 -
20 0,20 -
E 15001 O, 15 ]
8 0,10 -
500 0’05 | - T - -
04
Haushélte mit Haush'alle mit HaJs*lla!te mit I-aush(laltq mit ) O I I I I I !
Gas deren Energietrag Gas anderen Energietragern 20 19 20 21 22 23 2024
Art der Kompensation [l Ohne Entlastungspaket | + I [ll Mit Entlastungspeket | +1I
— Gas (EGIXTHE) =—— retail prices
Abbildung Z 1: Mehrbelastung durch aktuelle Energiepreise fiir Haushalte fiir den Zeitraum Mai 2022 bis April .
2023 (relativ zum langfristigen Energiepreisniveau 2017-2021). Eigene Berechnungen basierend auf EVS — Futu res prICGS new CUStomel’S
2018.

Source: MCC at https://www.mcc-berlin.net/fileadmin/data/C18 MCC_Publications/2022 MCC_Gaspreise_und_Entlastungsmanahmen.pdf



https://www.mcc-berlin.net/fileadmin/data/C18_MCC_Publications/2022_MCC_Gaspreise_und_Entlastungsma%C3%9Fnahmen.pdf

THE GERMAN GAS PRICE BRAKE

o
GERMAN COUNCIL
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US-Dollar je MWh N
160 -

140 -
120 -
100 -

N

Establish the ,New Normal*“

Subsidies depend on past
gas consumption but are
independent of actual gas
consumption

80 A
60 - i
40
20 - I ) T SN N N — —
O

~New Normal*

2022 24 26 28 2031
— Europa (TTF) — USA (Henry Hub)
Nordost-Asien (Japan Korea Marker, JKM)

) 7/
7/ Y
o @
700000

Bayaz, D., Grimm, V. (FAS,
03.09.2022) Das ist unser
Deutschlandtarif.

Expertinnen-Kommission Gas und
Warme (2022), Sicher durch den
Winter - Abschlussbericht,
31.10.2022, Berlin.




INCREASE ENERGY SUPPLY & REDUCE DEMAND  =mmm=

160
140
120
100
80
60
40
20
O

of Economic Experts

Lower gas prices reduce
necessary subsidies:

N Gas procurement
N RES expansion

N Activate nuclear, coal
plants

N Energy efficiency

US-Dollar je MWh
_ \.f\
| ~New Normal*
_ —~ : B —
2022 24 26 28 2031

— Europa (TTF) — USA (Henry Hub)
Nordost-Asien (Japan Korea Marker, JKM)
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EMISSION TRADING & CLIMATE MONEY GUARANTEES e

GERMAN COUNCIL

TARGET ACHIEVEMENT & ACCEPTANCE B
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Absolute and relative financial burden
imposed on households by carbon
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Redistribution per capita - average relative
burden for income deciles
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Haushalte mit hoher Belastung (rechte Skala)®
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I Altersgewichtete Pauschale und Lastenausgleich "Land"®

Sachversténdigenrat zur Begutachtung der gesamtwirtschaftlichen Entwicklung (2020), Jahresgutachten 2020/21, Kapitel 4.
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ACCELERATE THE DEFOSSILISATION OF INDUSTRY

o

of Economic Experts

Increase energy efficiency, substitute fossil fuels by electrification and hydrogen

Share of companies with negative gross margin due to a
simulated cost exchange

Manufacture (M.) of basic metals
M. of rubber and plastic products
M. of textiles
M. of paper and paper products
Printing and reproduction of recorded media
M. of other non-metallic mineral products
M. of fabricated metal products
M. of food products
M. of furniture
M. of chemicals and chemical products
and cork goods, straw and plaiting materials
1. of motor vehicles, trailers and semi-trailers
M. of beverages
M. of leather and related products
M. of wearing apparel
M. of machinery and equipment n.e.c.
of computer, electronic and optical products
basic pharmaceutical products/preparations
M. of electrical equipment
M. of other transport equipment

0 10 20 30 40 50 60
Share in %

B Simulation 1: Gas costs +400 %, electricity costs +300 %

Simulation 2: Gas costs +150 %, electricity costs +300 %

Sources: RDC of the Federal Statistical Office and Statistical Offices of the Lander, AFiD-Panel Industrieunternehmen 2001-2018 and AFiD-
Modul Energieverwendung 2005-2018, own calculations
© Sachverstandigenrat | 22-403-02

GERMAN COUNCIL

Structural change and (most of all) efficieny gains within
industries have contributed to the decline in energy intensity

Energy intensity in kWh per Euro gross value added

3.3 1
30 1 -~
2.7 A ~
2.4 A

2.1

1

1.8 -

1.5 rrrrrrrrrrr1rr 171717171717 17T 17T 17T 17T 17T 17T 17T T 1T T T1T"7

1995 98 01 04 O7 10 13 16 2020
— Actual development

Counterfactual development:
Energy intensity of economic sectors as in 1995
GVA share of economic sectors as in 1995

Sources: Federal Statistical Office, own calculations
© Sachverstandigenrat | 22-194-04

Sachverstandigenrat zur Begutachtung der gesamtwirtschaftlichen Entwicklung (2022), Jahresgutachten 2022/23, Kapitel 5.
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ACCELERATE

H2-IMPORTS, EXPAND H2-NETWORKS

Runge, P, C. Sélch, J. Albert, Jakob, P. Wasserscheid,,
G. Zé6ttl, V. Grimm, Economic Comparison of Electric
Fuels Produced at Excellent Locations for Renewable
Energies: A Scenario for 2035

Combine LNG and H2 procurement, act at european level, build H2 networks

Wasserstoffimporte anstossen

@ Photovoltaik
@ Windkraft .

¥
@ Geothermie @ 6®
@ Wasserkraft ! hohes Exportpotenzial fiir | hohe H2-Technologiekompetenz

griinen H2 (Auswahl)

Sources: Bundesnetzagentur, Federal Government, own calculations
© Sachverstandigenrat | 22-357-01

serstoff.Bayern (H2.B)

ntrum Was:

Grafik: Ze

H2-Netzausbau europaisch vorantreiben

Oslo A city
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2 ® salt Cavern
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3 \
°5 ° 4 ® Offshore (wind) hydrogen production 2030
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Sources: hftps: ehb.eu/maps/202209/index.html#5/48.980/11.931 - here: visionary H2 network 2030
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https://www.wasserstoffrat.de/fileadmin/wasserstoffrat/media/Dokumente/Metastudie_Wasserstoff-Abschlussbericht.pdf

o

SECTOR COUPLING IS THE KEY

Heat pump

Blending into the natural gas network
Boiler

Fuel cell

=

. Batt
Renewable + . FL?elegeII

»  Combustion engine
energy SRl *  Gas turbine
\> ﬂ Industry
»  Refinery

Steel production
Ammonia synthesis
Methanol synthesis

green = sector coupling via H, :

EWK (2020). Loschel, Grimm, Lenz, Staiff. Expertenkommission zum Monitoring-Prozess , Energie der Eatteryd " lant
Zukunft“: Klimaschutz vorantreiben, Wohlstand starken - Kommentierung zentraler Handlungsfelder der Umpea storage power plan
deutschen Energiewende im europaischen Kontext. Fuel Ce”,

Gas turbine

EWK (2021). Loschel, Grimm, Lenz, Staiff. Expertenkommission zum Monitoring-Prozess , Energie der
Zukunft“: Stellungnahme zum 8. Monitoringbericht der Bundesregierung fur die Berichtsjahre 2018 und 2019.
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/ GLOBAL AMMONIA TRADE FLOWS

Ammonia is the first available option to trade H2 at a large scale

2 e Country with:
’ | e

M Export
M Import

Trade [Mt/year]
—0.1-0.2
—0.2=0.3
—0.3-04
= 0.4 -0.5
m— ().5 - 0.8
(.8 - 1.0
m1.0-2.0

Delta [Mt/year]
-3.0t0-2.0
-2.0to-1.0
-1.0to -0.1
0.1t0 0.5
0.5t01.0
1.0t0 2.0
2.0t0 3.0
3.0to 5.5

Egerer, J., V. Grimm, K. Niazmand und P. Runge
(2023a), The economics of global green ammonia
trade - “Shipping Australian wind and sunshine to
Germany” Applied Energy, 334 (2023), 120661

= 20.6 Mt (12 %) of global
production is traded between
countries.

= Today, large exporters are
gas producing countries.

= The main exporters of
ammonia derivates are
Trinidad&Tobago and Russia.

= The largest net importer is
the U.S. followed by the EU

= Ammonia terminals already
exist in 200 harbors
worldwide.
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SMR- steam methane reforming, ATR- auto-thermal reforming, CCS- carbon capture and storage, ASU- Air separation unit, ICE- Internal combustion
engines; Blue ammonia can be produced through SMR and CCS or alternatively via ATR with CCS, Images: Flaticon.com

Egerer, J., V. Grimm, K. Niazmand und P. Runge

GREEN, BLUE AND CONVENTIONAL AMMONIA |20 e ccormiootaoe e ommere

Germany” Applied Energy, 334 (2023), 120661

Blue ammonia is available faster, which allows a scaleup of infrastructure and applications

Sustainable processes for feedstock
production, i.e., electrolyzers for H, to
replace coal gasification and steam
methane reforming (SMR)

Air separation unit for nitrogen (N,) and
ammonia synthesis.

Direct integration in existing transport
infrastructure is possible.

Downstream transition :

Today, more than two thirds of the
ammonia production is used for
mineral nitrogen fertilizers.

Transition could allow ammonia to gain
a foothold in several new sectors
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INDUSTRIAL VALUE CHAINS WILL RELOCATE

Urea production

Excellent site

%«— DAC/CCU

I
I
R RN
|

Haber- Urea
L5 g1 _’W S Synthesis
Synthesis Y

\l

NN
N\

N\

\.| Haber-
» Bosch-

Urea-
Synthesis

~
Tl e e e =

Domestic Demand

Synthesis

I
I— <+ ASU I
|
|

.-
L.

\
:

|

|

| 'r
|

214

&4— DAC/CCU

Germany

528

. Excellent site -—.

Ammonia @ 2?6-

549

- excellent site

Hydrogen @ =20

724

324

- excellent site

632

Germany

L

N\

100 200 300 400
Cost of Urea [€/t]

Haber-Bosch

N\

% Hydrogen Production ® Transport
'/

500 600 700 800

Urea Production

o
GERMAN COUNCIL

of Economic Experts

Addition/removal of
individual process steps and
energy sources

Development of new
infrastructures with regard to
CO2 and H2

Expanded global trade in
intermediate products (e.g.
olefins, MeOH, carbon)

Egerer, J., V. Grimm, N. Farhang-Damghani
und P. Runge (2023b), The Industry
Transformation from Fossil Fuels to
Hydrogen will reorganize Value Chains: Big
Picture and Case Studies for Germany,
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GEOPOLITICAL
CHALLENGES HAVE
TO BE ADDRESSED
UNDERWAY

AHARN
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CRITICAL RAW MATERIALS
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Advance diversifcation and increase European production capacities

Extraction of critical resources/minerals is very

concentrated

Share of the three largest producers in global

production in 2020
%

100 -
90
80
70
60
50
40
30
20
10

Bi BO Ge C Co Li Mg Ni
Australia ® Chile ™ China
B Indonesia ™ Japan ™ Dem. Rep. Congo

Morocco ™ Russia South Africa
B Turkey USA = United Kingdom
m Other countries

Source: U.S. Geological Survey (2021)
© Sachverstandigenrat | 22-252-03

Pd PO Pt SEr
EU

Growth of global demand for selected critical raw
materials over the period 2020 to 20401

Index (2020 = 1)
100 +

Platinum ~Lithium  Graphite Cobalt ~ Magnesium  Nickel ~ Rareearths  Borates

group
metals?

1 - Projections based on the International Energy Agency (IEA) Sustainable Development Scenario, which indicates total
demand in a scenario consistent with the Paris Agreement targets. 2 - Includes iridium, osmium, palladium, platinum,
rhodium and ruthenium.

Source: IEA (2021)
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MARKET DISTORTIONS THROUGH SUBSIDIES o
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Competition can be distorted by subsidies from third countries, but systematic assessment of
the subsidies is hardly possible

Heterogeneous subsidy concept Slow decline in subsidies for fosssil fuels
Total general government subsidies Global subsidies over time
according to national accounts definition N
% of government expenditure US dollars billion
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INFLATION REDUCTION ACT o
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Tax credits for renewables and hydrogen should massively accelerate the scaling of a hydrogen
economy

Evolution of hydrogen cost of goods sold through the Development of global production capacities for
Inflation Reduction Act electrolysis, source: IEA, NWR calculations
. Worldwide production capacities
Production cost H2 ($/k
= i > (/ke) for electrolysis (GW)
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Source: National H2 Council at https://www.wasserstoffrat.de/fileadmin/wasserstoffrat/media/Dokumente/2022/2022-12-09 _NWR-Stellungnahme_Inflation-Reduction-Act.pdf
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GLOBAL PUBLIC GOODS BECOME EVER MORE IMPORTANT o /mismism s’
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Whether it's climate protection, health or peace - global cooperation will be crucial - even with
"unfriendly" states

Oil rents and number of coal mines by country

Share of operating and Number of total mines

proposed coal mines (2021) (proposed and operating)
Q Proposed mines
A % @ Operating mines , 200
Canada
7N
Okt mes/‘ o Value of oil rents as a percentage
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CHANGES OF THE GLOBAL ORDER e counc
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Gradual dissolution of the rule-based order, Europe's strategic autonomy must be strengthened
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138 countries participate in the ,New Silk Road*

Participation since:
B 2013-2014 [@2015-2016 ©B2017-2018 M 2019 and later

Sources: Council on Foreign Relations, EuroGeographics regarding administrative boundaries

© Sachverstandigenrat | 22-333-01

China's direct investments in Germany between
2005 and 2021

Level of Chinese direct investment
by industry?
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Real estate
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Others
Health
Tourism
Metals
Logistics
Utility companies
Entertainment | l l |
0 10 20 30

US dollars billion

Sources: Deutscher Bundestag, Eurostat
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DIVERSIFICATION & GLOBAL PUBLIC GOODS ~F

Interdependence can be ,weaponized” -but is also needed to address global challenges

Diversification of supply chains is mainly the companies‘ res-
ponsibility ; the government can help through directed support

Companies are adapting their procurement strategies
Manufacturing

Diversification
in procurement

Better monitoring
of the supply chain

Higher stock
of inventories

Increased domestic
procurement

Increased procurement from
other EU member states

Higher vertical
integration (insourcing)

T T T T T 1

0 5 10 15 20 25 30
% of companies

Sources: Flach et al. (2021), ifo Business Survey, May 2021
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Increasing role of global public goods

CO, emissions by country

Billion tonnes

' Forecast period

199095 OO O5 10 15 20 25 30 35 2040
m EU28 without Germany B Germany B USA

China ™ India ™ Asia and Oceania
excluding China and India

Russia B Africa Other countries

= EU28 including Germany = USA = China

@ India == Other countries
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OPEN STRATEGIC AUTONOMY
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An attractive global environment for “Clean Tech” investments is of key importance

Apply countervailing measures against trade distortions and
advance new (free) trade agreements

B EU member states

O Actively negotiating a new B Active agreements B Agreements negotiated [ Negotiations on O No agree-
agreement or the modernisation with the EU but not yet in force agreements paused ment
of an existing agreement

Sources: EuroGeographics for the administrative boundaries, European Commission
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Lawsuits within the Energy Charta Treaty by
energy source

Number of lawsuits
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